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 Hemp has is a new addition to the agricultural programs of the Desert Southwest 
region of the United States. In 2019 hemp was made legal to grow and many growers 
tried and failed to produce a hemp crop. This paper covers some of the needed 
information to grow hemp in the Desert Southwest. It covers the benefits of hemp, 
challenges of the Desert Southwest, hemp biology and common pests and diseases that 
will target hemp. 
 
Introduction 
Cannabis sativa, hereafter referred to as hemp, has been a domesticated crop for 
more than 8,000 years (Tang, 2018). Hemp has been used for fiber, food and medicine 
for thousands of years and it is still being used for that today (Schluttenhofer and Yuan, 
2017). In modern US history hemp has gone through legal difficulties because of its 
similarity to marijuana for tetrahydrocannabinol (THC) and cannabidiol (CBD). In 1938, 
the Marijuana Tax Act was passed (Cherney and Small, 2016). This severely limited the 
use of hemp, requiring growers to seek permission from the U.S. Department of 
Agriculture (USDA) to grow hemp (Cherney and Small, 2016). Then the Comprehensive 
Drug Abuse Prevention and Control Act of 1970 was passed. This legally separated 
hemp from marijuana, however, that did not clear the way for production. The US Drug 
Enforcement Agency (USDEA) still did not distinguish hemp from marijuana (Cherney 
and Small, 2016). As a result, growers were hesitant to grow hemp to avoid legal action. 
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In 2014, a new law was passed that allowed states to decide the legal standing of hemp 
individually (Cockson et al., 2019). 
The southern half of California and Arizona have a number of high agriculture 
production valleys. These valleys account for a very large percentage of the US winter 
vegetable production. Even though vegetables are the main crop in this area, growers 
experiment with other crops, hemp being one of them (Palumbo and Castle, 2009). This 
paper will look at the benefits of hemp, the difficulties of producing hemp and practices 
for successful hemp production in the Desert Southwest. 
 
Benefits of Hemp 
There are many benefits to hemp as a crop, both agronomically and 
commercially. One of the primary benefits of hemp is the low environmental impact of 
production. Research has been done to study the effect of hemp on the environment 
during production and compared to other field crops. The study examined seven 
different crops effect on climate change, energy and land use, ecotoxicity and 
eutrophication. Hemp was rated positively in every factor except land use (van der Werf, 
2004). Hemp requires little to no pesticide use. This is partly due to having very few 
pesticides labeled for application to hemp and due to its natural strong competition with 
weeds after establishment. 
Besides these environmental benefits, there are also commercial applications for 
hemp. Hemp is an effective rotational crop. Hemp has deep roots that helps to break up 
the soil and adds large amounts of organic material into the soil (Piotrowski and Carus, 
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2013). Hemp can be used to create a sustainable plastic (Cherney and Small, 2016). The 
plastic made from hemp can be recycled and breaks down quickly after being disposed 
of. Hemp has good qualities as a potential for insulation. Hemp oil can be processed for 
multiple uses such as cooking, cosmetics and fuel (Schluttenhofer and Yuan, 2017). 
More recently, there has been excitement around CBD oil for treatment of antiemetic, 
neuroprotective, antipsychotic and anti-inflammatory conditions (Cranshaw et al., 2019). 
Fiber from hemp can be used for a variety of commercial purposes. The fiber can 
produce paper, animal bedding, plastics and cement, all of which have a growing market. 
In general, the global market for hemp is expected to double, leaving room for growers 




Hemp is a dioecious plant meaning plants are either male or female 
(Schluttenhofer and Yuan, 2017). This allows growers to have more control of what sex 
of plants are being grown as well as what type of hemp production market is being 
sought after. The sex of the plant is not distinguishable at the seedling stage. Female 
plants tend to be shorter than the male plants. They are stocky with a large number of 
leaves surrounding each flower (Ehrensing, 1998). Male plants tend to be taller and 
slender with fewer leaves around each flower. Being able to recognize the difference in 
the sexes is important because the yield and quality of oil, seed or fiber will be affected 
by the ratio of the sexes within a field. Fiber production can utilize both male and female 
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plants, however, male plants have higher quality yield due to the increased length of the 
phloem fibers compared to female plants (Schluttenhofer and Yuan, 2017). Typically, 
fiber yield continues to increase after flowering until, based on day length, growth will 
cease and senesce starts (Ehrensing, 1998). As the plant grows, a woody stem will 
develop that will be harvested. When producing for CBD oil only female plants are 
wanted (Schluttenhofer and Yuan, 2017). Fertilized female plants produce lower quality 
buds. It is best to use feminized seed and, if feminized seed is not available, rogueing is 
required. Feminization is a process where chemicals can be applied to the seed during 
production to ensure all the seeds are female (Coolong, 2020). Oil production requires a 
warmer climate and the growing season needs to be five to six weeks longer than the 120 
days needed for fiber production (Ehrensing, 1998). Both fiber and oil yield is heavily 
dependent on the cultivar. It is very important to select the cultivar to match the type of 
production sought (Cherney and Small, 2016). 
Hemp has a biological makeup that allows it to be useful in both oil and fiber 
production. There are specific requirements for the plant to be considered hemp. Hemp 
and marijuana are the same species and the only difference is the THC content. THC is 
the chemical that produces an intoxicating effect and, in a cannabis plant, the THC 
content needs to be at least 1% to produce that effect. To qualify under US law as hemp, 
the THC content needs to be below 0.3% (Cherney and Small, 2016). If a hemp crop is 
tested and found to be above the 0.3% limit it must be destroyed. 
A hemp plant has an outer ring of long fibers called phloem (Cherney and Small, 
2016). These fibers are the highest value fibers that can be harvested. The interior fibers 
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are called xylem. The xylem fibers are shorter than the phloem fibers which decreases 
the value of the xylem fibers. Even more profitable than the fiber is the oil that is 
extracted from the seeds or buds. 
 
Challenges of Desert Production 
Hemp has many challenges but when being grown in the desert there are unique 
challenges that must be overcome. One challenge specific to hemp oil is the shelf life. 
Hemp oil will spoil if left too long. The Desert Southwest does not have an established 
hemp market and therefore a plan must be in place to transport the oil quickly to the 
intended market or grow the local market (Cherney and Small, 2016). Another challenge 
specific to the desert is the heat. The temperatures can get as high as 120oF in June, July 
and August. This high level of heat can cause thermodormancy in less vigorous seeds 
(Egli et al., 2005). 
If hemp is grown in October, November and December when the weather is 
milder, it must compete with high value, fresh market vegetable crops. Water is another 
issue that exists in the Desert Southwest. Rainfall is very rare, averaging 0.2 inches per 
month. Therefore, water comes almost exclusively from flood or sprinkler irrigation. 
Hemp has a high water need which can cause yield loss and lower quality if water is not 
readily available. Each of these problems are added to the already difficult production of 
hemp. The most pressing issues are heat and competition for the land use. The only way 
to plant outside the heat is to take the place of a high value vegetable crop (Marshal et 
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al., 2005). The rest of this paper will go more in depth into the specifics of desert 
production. 
 
Field Selection and Seedbed Preparation 
Hemp pollen has been found to travel up to 60 miles (Schluttenhofer and Yuan, 
2017). This can cause issues in both seed and oil production. Seed produced can be 
much lower quality if pollen from another an outside source fertilizes the field. All hemp 
is cross pollinated but the source of that pollination is controlled to maintain the genetics 
that the producer is seeking. If an outside source of pollination cross pollinates the field 
it will change the genetics of the seed produced. It can result in off types appearing in 
the seed crop. In oil production fertilization is not wanted and having pollen travel from 
another location can severely limit yield. To avoid this, plant in isolated fields with 
minimum distances between it and other hemp fields. Cannabis sativa does not grow 
wild in the Desert Southwest. The only source of outside pollination are other production 
fields. 
In the Desert Southwest there are a range of soil types, however, not all soil types 
are suitable for hemp production. Soil type does make a difference when it comes to the 
ideal planting depth but also germination percentage. Soil type affects the ability for a 
plant to become established and obtain water and nutrients. Hemp growth is optimized 
with well aerated loam soils with high organic matter (Cherney and Small, 2016). High 
organic matter soils are not common in the Desert Southwest due to the high 
temperatures that quickly breakdown organic matter. In areas where hemp is grown on 
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low organic matter soils, higher nitrogen fertilizer rates are needed. Hemp does not 
perform well on excessively drained soils with high prevalence of sand or gravel which 
rapidly causes drought stress or need for high amounts of irrigation. This can cause 
issues since large areas of the Desert Southwest have sandy soils. A specific trait of 
hemp is the root length density and its ability to grow in different soil attributes. Root 
length density is the density of the roots at different soil depths. Root length density is 
effected by soil compaction, tillage and weather (Amaducci et al., 2008). 
The last factor to consider when selecting a field is the soil pH. Hemp requires 
soil pH to be between 5.8 and 6.0 (Ehrensing, 1998). Too much outside this range and it 
will limit the ability for the hemp to obtain nutrients and will stunt plant growth. Soils in 
the Desert Southwest tend be close to pH 8.0 (Silvertooth and Galadima, 2020). The 
grower needs to be aware of the soil requirements and make field choices based on that. 
 
Planting 
In the summer months there are different things that would need to be done. Due 
to the high heat, transplants would be necessary. It is very common for seed to have 
thermodormancy in the desert heat, this can be countered by using transplants so the 
seedlings are more established when they have to withstand the heat. However, in the 
winter frost can become an issue. Hemp would need to either be planted in a warmer 
area or would need transplants to avoid the coldest part of the year. In intense cold, 
vegetative growth slows, flower abortion becomes a possibility and infertility can occur 
(Tang et al., 2016). In general, the best time to plant hemp would be in March using 
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transplants. That would allow the plant to have three warm months for vegetative growth 
without having to grow through the intense heat in June and July. 
Planting with high quality hemp seed is very important for desert production. 
Hemp is essentially a new crop that has not recently had significant research and 
development (Tang, 2018). This has resulted in poor seed quality and consistency from 
one cultivar to the next. With hemp, genetics make a large difference. To grow hemp for 
seed oil in the Desert Southwest the cultivar needs to be bred for heat tolerance to 
optimize seed yield and oil quality (Tang, 2018). One of the most important factors of 
seed quality is seed germination and seed vigor. Germination is the ability of the seed to 
grow into a seedling. While vigor is the ability of the seed to germinate rapidly under 
stressful conditions. Depending on when it is planted, crops grown in the Desert 
Southwest are almost always under either heat or water stress. Therefore, seed vigor is 
very important. When it comes to vigor, genetics are an important factor to have high 
vigor seeds. If the cultivar is not bred to withstand the heat and moisture stress following 
seeding, it will not be able have high yield potential. Beyond seed vigor, genetics are 
what controls the yield for fiber, oil and seed production. In general, an important factor 
in growing seed in the Desert Southwest is the creation of cultivars that are breed for that 
specific area. 
Another important aspect to consider is feminization and THC content. If fiber is 
the production goal than a cultivar that has a high percentage of males would be 
desirable because male plants produce high quality fiber (Schluttenhofer and Yuan, 
2017). If CBD oil is the goal than feminized seed is needed to eliminate male plants that 
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will lower the quality of the buds by fertilizing them. The third option would be seed 
growth in which case there should be a higher percentage of females to males but males 
should still be present. The ratio of male to female plants is extremely important to 
match the type of hemp being produced. Seed quality being produced is just as important 
as seed yield when hemp oil is the final product. However, THC content needs to be kept 
below 0.3% otherwise the field will have to be destroyed. THC content, while influenced 
by growing conditions, is also affected by the genetics of the seed. THC content will 
most easily be controlled by effective breeding to create cultivars that consistently 
produce under 0.3% THC (Schluttenhofer and Yuan, 2017). 
Hemp is strongly influenced by photoperiod. As the temperatures rise the rate of 
growth will increase (Tang et al., 2016). Flowering is triggered in mid-July during the 
hottest time of the year. The earlier seed is planted, the more vegetative growth there 
will be before flowering (Cherney and Small, 2016). Growers will need to determine the 
type of hemp production they want to harvest to determine the planting date. If the crop 
is being grown for fiber more vegetative growth is needed which requires an earlier 
planting date. Hemp needs a 130-day frost free season which can be difficult to achieve 
if also attempting to avoid heat stress in July and August (Pejic et al., 2018). As stated 
earlier, cultivars need to be produced specifically to handle cold planting temperatures in 
March but then intense heat in June and July. It is recommended to plant hemp in 
February or March in the Desert Southwest. 
Once the planting date is established the grower must make sure that the soil type 
and depth of planting is correct. The depth will affect emergence more than any other 
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factor (Tang et al., 2016). The ideal depth is 1 to 1.25 inches (Cherney and Small, 2016). 
This depth is not exact, some cultivars will do better slightly deeper and others will 
perform better shallower (Ehrensing, 1998). Knowing how hemp cultivars respond to 
planting depth in the Desert Southwest is uncertain because there has only been one 
planting season of hemp in the Desert Southwest. 
The next important planting consideration at planting is what arrangement is 
desired. Planting arrangement factors in plant to plant spacing in all directions. 
Generally speaking, plant arrangement is determined by both seeding rate and row 
spacing. If plant spacing is too close, hemp plants will compete for sunlight, water and 
nutrients; ultimately limiting plant growth and productivity. If the plants are too far 
apart, yield will not being maximized and, therefore, space and resources are wasted. A 
question to consider is should there be a difference between fiber and oil/seed production 
for seed spacing? The traits desired for fiber is the growth of the long phloem fibers. 
Therefore, tall plants are phenologically more superior for fiber production. Tighter plant 
arrangement is a cultural practice that can promote taller plants. If oil is being produced, 
increasing bud density is most desirable. To increase bud density, is to produce a plant 
with a large canopy and maximize vegetative growth through a less dense plant 
arrangement. Research has shown that plant spacing within a row should be from 3 to 7 
inches (Ehrensing, 1998). The wide range in this number is due to the variable seed 
quality. When growing for fiber, a higher plant density is desired, generally between 45 
to 63 pounds of pure live seed per acre (Ehrensing, 1998). The higher population will 
cause the plants to grow taller and have a smaller canopy which increases stem length. 
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Oil or seed production will use fewer seeds per acre to promote wide plants with a large 
amount of buds. Another effect of plant arrangement is weed control. While hemp is 
highly competitive with many common weed species, competition requires a dense crop 
canopy. Having tighter plant spacing can decrease the amount of weed pressure that will 
be present. 
The final consideration for hemp planting is whether to use direct seeding or 
transplants. Direct seeding is less expensive than transplanting, however, direct seeding 
has several issues. Hemp seed is very expensive due to large demand and low supply. 
Unfortunately, high demand has resulted in inconsistent and poor-quality seed being 
available. Further increasing seed costs, for growers to get the desired plant density, they 
must plant higher seeding rates to counteract poor germination from low quality seed. 
Transplants can counter issues as well. Nursery facilities are able to increase germination 
rates through the use of controlled growing conditions. The cost increase for using 
transplants is much higher and also comes with higher yield potential in the field. 
Another aspect to consider is the change in available planting dates. Planting hemp in the 
Desert Southwest in January increases risk of frost potential. Using transplants can allow 
for March transplanting dates that would avoid the risks of frost after direct seeding and 
achieving maturity before risk of heat stress in July and August. 
 
Production 
It is important to understand the growth cycle of hemp so that the grower can 
follow what is happening throughout the production. After planting, the hemp seedlings 
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will emerge within 6 to 12 days (Tang et al., 2016). Cultivars with low seed vigor might 
result in a wide range of emergence in the same field. It is best to have high vigor seed to 
ensure emergence will be quick and uniform. After emergence, the days to flowering 
ranges from 56 to 121 (Tang et al., 2016). Again, this variation is due to differences in 
photoperiod based on planting locations. Higher temperatures promote growth while 
cold temperatures can slow growth. Hemp is a short day plant meaning photoperiod has 
a strong effect on the development and plant stages (Tang et al., 2016). Flowering will 
be based on day length and since hemp is a short-day plant, when the days become 
shorter than the nights flowering will start. A longer period of growth is useful for fiber 
growth because vegetative growth stops when flowering starts and fiber production is 
based on a long vegetative growth period which results in long fibers on the plants (Tang 
et al., 2016). It is recommended to plant fiber cultivars in February to increase time in 
the vegetative stage of plant growth. Seed and oil production can be planted in March 
due to the flowering stage being the growth stage that results in high bud and seed 
production. 
Water is a very important factor that affects production. In the Desert Southwest 
there is not enough rainfall to sustain a crop, therefore, irrigation must be used. In past 
research, hemp has been found to need 9.8 to 27.5 inches of rain (Pejic et al., 2018). This 
wide range is due to the difference in climate, altitude and soil type. Warmer climates 
need more rain due to higher evapotranspiration rates. Low relative humidity climates 
cause plant transpiration to increase. The Desert Southwest has both high temperatures 
and low relativity humidity. In the Desert Southwest the water need will depend on the 
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time of year. In the winter months less water will be needed due to the low temperatures 
but during the high temperatures of the summer a larger amount of water will be needed. 
Water is one of the main determining factors when it comes to yield. Lack of water will 
lower yield but it will also lower the quality of the fiber, seed and oil production (Pejic et 
al., 2018). Pre-emergence is when the plant will be most susceptible to drought 
(Ehrensing, 1998). After seedling establishment and a root system has taken hold, the 
plant can tolerate drought stress better. Drought has been shown to hasten maturity, 
lowering the overall growth and lowering the value of fiber produced (Ehrensing, 1998). 
Due to the low amount of rainfall, there is not enough water naturally being introduced 
into the field to ensure necessary water needs to maximize productivity. All water that is 
lost needs to be reintroduced through irrigation. Research has shown irrigation increased 
the yield of hemp substantially. It was reported that proper irrigation resulted in an 
increased yield of fresh stems by 48% and increase in flower yield by 46% (Pejic et al., 
2018). 
There are many things that can affect hemp yield but none more than water and 
nutrients, specifically nitrogen. There are conflicting reports of the required amount of 
nitrogen that should be added to a field. Some studies found 98 pounds of N per acre 
while others as low as 54 pounds of N per acre (Tang, 2018). The differences are a result 
of the soil type and soil organic matter. It is recommended to plant hemp in a field with 
high organic content. Either way nitrogen is needed in the field in order for hemp to 
properly grow and have high yields. Low nitrogen leads to yellowing of the plant, 
stunting and eventually necrosis of the plant (Cockson et al., 2019).  
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Harvest and Processing 
When hemp is harvested it will be for fiber, seed or oil. A seed crop of hemp will 
then be split between whole seeds, oil and dehulled seeds. More than 70% of hemp 
harvested for seed will be sold as whole seeds, the majority of which goes to animal feed 
(Carus et al., 2013). About 15% of harvested seed is for oil, cosmetic and medicinal 
uses. The remaining 5% is dehulled, mainly for human consumption. Attempting to 
produce and harvest seed and fiber can lead to complications. Seed production requires 
branching growth to promote a high number of flowers but fiber requires tall vegetation. 
Seed production also takes longer than fiber. Harvesting when the seed if fully mature 
results in higher fiber yield, while seed yield is reduced due to seed drop from lower 
more mature buds (Tang et al., 2016). 
When trying to produce seed or oil, including CBD, the seed is what needs to be 
harvested. It is recommended to harvest at 70% seed maturity (Schluttenhofer and Yuan, 
2017). This will limit seed shattering from buds by as much at 15%. The loss of yield at 
100% seed maturity due to shattering of more mature, dryer seeds. Once harvested, the 
seed should be stored in low temperatures and low humidity. The main factors to 
increase storage life is the initial germination rate of the seed and moisture content of the 
seed during storage (Suriyong et al., 2015). It is recommended to store hemp seed at 
60oF or less to maintain quality. 
Fiber harvested is recommended in the early flowering stage (Cherney and 
Small, 2016). The flowering stage might result in increased fiber yield but it also can 
drastically reduce yield due to senescence. After cutting hemp, retting can be done in the 
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field (Cherney and Small, 2016). Retting is a microbial process that breaks down the 
hemp stem after cutting. This can be done in the field or standing water (Ehrensing, 
1998). In the Desert Southwest it is recommended to use tanks of standing water because 
harvest happens in July or August and the air moisture content is too low. A large 
consideration for fiber production is the harvest equipment cost. Field crops are not as 
common in the Desert Southwest and therefore the harvest equipment might not already 
be owned. The expense of either renting or purchasing harvest equipment must be taken 
into account. Another aspect to consider is where retting and drying will take place. At 
around 15% moisture content the fiber can be bailed. This is another potential cost that 
must be factored into production in the Desert Southwest. 
Another factor to the production of hemp is the cost and logistics of processing 
the fiber or oil. One of the largest considerations is the location of processing facilities. 
Hemp is a new commodity to be grown in the Desert Southwest and, as such, there are 
not production facilities currently available. The options a grower would have is to 
invest in those facilities themselves or ship the product to a currently running facility in 
California. With oil, shelf life is a concern. Hemp oil does not have a long shelf life and 
if the facility is too far the oil will go rancid before it goes to market. Due to the bulk of 
fiber it is difficult to process the hemp fiber. The volume of fiber harvested results in 





Insects pose a very large threat to hemp production, especially CBD oil 
production. Many insects will damage flowers or buds and drastically reduce CBD oil 
yield (Cranshaw et al., 2019). Hemp is a host to a wide variety of insects found in the 
Desert Southwest. In general, much of the insect control in the Desert Southwest is 
chemical control. This is challenging because there are very few chemicals labeled 
hemp. Therefore, more agronomic control methods need to be used. 
 
Hemp Borer 
Hemp Borer (Grapholita delineana) is a Lepidoptera. It has not been found in the 
Desert Southwest, however, because it is specific to hemp, it is worth growers being 
aware of. As a larvae this pest is pinkish white to pale brown and their heads are dark 
yellow (McPartland et al., 2019). Hemp Borer overwinters in weed and plant debris in 
the field or potentially the seed. The adults begin laying eggs in May. 
It is important to identify the symptoms of the Hemp Borer to allow for timely 
field control methods to be used. When young the Hemp Borer eats leaves and seeds. As 
the Hemp Borer matures, they bore into branches and stalks (McPartland et al., 2019). 
Galls form at the boring site which weaken the stalks. If the infection is bad enough the 
plant will collapse at the gall (McPartland et al., 2019). It causes massive yield loss if the 





European Corn Borer 
European Corn Borer (Ostrinia nubilalis) is a Lepidoptera pest. Many of the 
insects found on hemp are lepidoptera, making it is very important to be able to identity 
the different larvae stages. The larvae stage of European Corn Borer is light brown with 
a dark brown head (McPartland et al., 2019). Along the length of the body there are 
several rows of brown spots. 
The symptoms of the European Corn Borer are distinct and can cause massive 
damage if left uncontrolled. Leaf feeding begins when temperatures rise above 50oF. In 
the Desert Southwest the temperatures are rarely lower than 50oF. Larvae primarily feed 
on leaves as they grow (McPartland et al., 2019). This does not present a large concern 
as the leaves are not needed for harvest. In later larvae stages, the larvae bores into the 
plant stem leaving a distinct sawdust looking powder behind. After the larvae has bored 
into the stem visual detection of the pest is only possibly by splitting the stem 
(McPartland et al., 2019). The boring of the larvae causes significant structural damage 
to the hemp plant. The boring damages the xylem causing loss of yield and a weakened 
stem that can snap or lodge. European Corn Borers born in late summer or early fall do 




Beet Armyworm (Spodoptera exigua) is another Lepidoptera. The larvae is light 
green with a black head. When fully grown it is greyish to brown in coloration. It also 
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has pale lateral strips along its side. Beet Armyworm begins laying eggs in March and 
for the first three weeks the larvae does the majority of feeding (McPartland et al., 
2019). In the Desert Southwest there can be as many as four generations per year. 
Beet Armyworm, if left unattended, can do great harm to seedlings. The Beet 
Armyworm spends the day buried in the soil and emerges at night to feed (McPartland et 
al., 2019). They feed on and clip the stems of young seedlings. Hemp is a dicot plant 
which means if the stem is clipped the plant will die. If the Beet Armyworm feeds on 
more mature plants it can cause the plant to wilt and eventually die if the damage is bad 
enough. The Beet Armyworm feeds on a large amount of plants each night so even a 
small number of Beet Armyworms can cause a large amount of damage. 
 
Beet Webworm 
Beet Webworm (Loxostege sticticalis) is in the Lepidoptera family. As a larvae it 
is yellowish green and grows into a nearly completely black larvae (McPartland et al., 
2019). The moth is mottled brown with straw colored markings. It is important to 
recognize the larvae when they are found. The moths begin laying eggs from March 
through June with as many as three generations a year (McPartland et al., 2019). The 
symptoms of Beet Webworm are very simple. They are typical leaf feeding larvae 
(McPartland et al., 2019). They feed along the surface of the leaves causing superficial 






Bertha Armyworm (Mamestra configurata) is in the same family as Beet 
Armyworm. The larvae stage is pale green with yellow stripes on each side (McPartland 
et al., 2019). As it matures it becomes a brownish black color, however, maintains the 
yellow strip on each side. The mature larvae also has small, broken white lines down 
their back (McPartland et al., 2019). The Bertha Armyworm overwinters in the soil. The 
adults emerge in May through August with one, sometimes two generations a year. The 
Bertha Armyworm does damage similar to the Beet Armyworm. The mature larvae cut 
seedling stems resulting in seedling death and cause damage to more mature plants 
(McPartland et al., 2019). 
 
Grasshopper 
Grasshoppers and crickets (Orthoptera) are a significant pest for a hemp crop. 
These types of insects tend to eat large, round, smooth edged holes in leaves 
(McPartland et al., 2019). If left unchecked a relatively small number of insects can strip 
a plant of all leaf material. If the pests enter the crop while the plants are small they can 
eat through stems so the seedling falls over and die. Often, they damage the apical 
meristem resulting loss of apical dominance. Loss of the apical meristem will result in 
auxiliary stems or branching off the main stem. These plants will not produce 





Hemp Russet Mite 
Hemp Russet Mite (Aculops cannabicola) is a major concern in Europe and can 
be carried into the Desert Southwest through infected seed. The Hemp Russet Mite is 
very small and is not able to be seen without magnification. Little is known about Hemp 
Russet Mite lifecycle. Hemp Russet Mite is a soft bodied mite that is sausage shaped 
with two pairs of legs (McPartland et al., 2019). 
The Hemp Russet Mite causes significant impact on the yield of a hemp. The 
mite primarily feeds on petioles. Symptoms of feeding are curling of leaf edges and 
eventually becomes brittle. If the infestation becomes bad enough the mites are visible as 
a beige discoloration on the leaf. The mites also feed on the pistle of the flower causing 
infertility (McPartland et al., 2019). 
 
Lygus Bugs 
The Lygus bugs (Hemiptera) are a class of insect that all feed on hemp. Lygus 
bugs feed on the succulent parts of the plant (McPartland et al., 2019). Lygus bugs feed 
on seeds, flowers and buds of hemp plants. When Lygus bugs feed there is a chance the 
feeding will cause bud abortion. A primary symptom to look for is plant tissue will turn 
brown and lumpy where the Lygus bug has been feeding (McPartland et al., 2019). 
 
Controlling Insects 
Control of insects on hemp begins by ensuring the seeds being planted are free of 
the pest. This is especially important for Hemp Borer, Lygus bugs and mites. 
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(McPartland et al., 2019). Because hemp will most likely be planted in the late winter 
and harvested in the summer, fall deep ploughing will kill any pests that overwinter in 
the soil such as many of the Lepidoptera pests. Controlling weeds that insects might 
overwinter in is very important. If weeds are left in or around the fields many of these 
insects will overwinter in those weeds and infect the crop when it is planted. Ploughing 
will be useless if there are weeds close to the field that they can host on. Sticky traps can 
be effective on Lygus bugs and grasshoppers and two weeks of fallow is effective 
control of Beet Armyworm (McPartland et al., 2019). 
 
Nematodes 
Nematodes can be a problem in many areas including in the Desert Southwest. 
There are specific nematodes that target hemp such as Southern (Meloidogyne incognita) 
and Northern Root Knot (Meloidogyne hapla) nematodes (McPartland et al., 2019). 
Above ground symptoms of a nematode infestation are not distinct. Nematodes cause 
stunted plants and chlorosis that looks similar to several nutrient deficiencies symptoms. 
Below ground symptoms can be found on hemp root tissue. Nematodes bore into roots 
and can cause galls to form at the sight of feeding. The galls then cause advantageous 
roots to form around the gall. Careful consideration needs to be paid since the addition 
of the advantageous roots can make the root system of infected plants look healthier than 
that of uninfected plants (McPartland et al., 2019). 
Control for nematodes comes in the form of prevention and suppression. 
Sanitization of seed and farming equipment is important since nematodes in the soil can 
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be easily spread from one field to the next with tillage, planting and other equipment 
(McPartland et al., 2019). Deep ploughing before planting can help but some nematodes 
reside very deep in the soil profile prohibiting benefits from ploughing. Both soil 
sterilization and field flooding can. Nematodes can also be suppressed by avoiding sandy 
soils and water stress (McPartland et al., 2019). 
 
Wildlife 
Birds are most impactful wildlife pest because of feeding on seedlings and new 
transplants in the field. Many types of birds eat the seedlings and pull them out of the 
ground (Ehrensing, 1998). This leads to substantial crop less if not taken care of. This is 
the largest best for hempseed production (Cherney and Small, 2016). The Desert 
Southwest has a number of rodents that cause damage in all crops planted. Rabbits 
(Oryctolagus ciniculus) are the most impactful mammalian pest. They move into a field 
and feed on the plant material. They can eat a large number of plants when the plants are 
small. Mice (Mus musculus) are also an issue. They feed on seedlings and cause food 
safety issues in the field.  
Wildlife can be very difficult to control because they are highly mobile. Fencing 
can be put up if the pressure from rabbits is bad enough, however, it may cost more than 
the damage reduction in profitability. Traps can also be put out to catch these pests as 
they come into the field. For birds there are methods to scare them out of the field but 





Weeds have the potential to have a large impact of hemp production and yield. 
Nutsedge (Cyperus rotundus) and purslane (Portulaca oleracea) are common in the 
Desert Southwest. Hemp, if planted with an adequate density and uniformity, will 
suppress the weeds because hemp is strong competition to the weeds because of its 
growth rates (Ehrensing, 1998). Often weeds cause issues because they compete for 
nutrients with the crop and prevent the crop from obtaining water resources. If hemp is 
planted in February or March the cool weather would slow the growth of hemp and 
weeds might become established. If the density of hemp plants does not control the 
weeds, then they can produce concerns. Weeds tend to host both diseases and pests. 
Ensuring hemp is planted at an appropriate density should alleviate any concerns about 
weed pressure affecting productivity. 
 
Disease 
Diseases that affect hemp are varied. This section will cover a few of the most 
common diseases that might be found in the Desert Southwest. Some of these diseases 
are already present while all of these diseases can take hold in the unique environment. 
Chemical control is an effective control method, however, like herbicides and 
insecticides, there are few available for application to hemp. Due to this availability, this 






Gray Mold (Botrytis cinerea) is a fungal disease that can affect hemp. It prefers 
cool temperatures with high humidity (Ehrensing, 1998). If conditions are ideal Gray 
Mold can kill an entire field within one week. The damage is the most severe in very wet 
years (van der Werf, 2004). This fungus is specifically found on flower tops and stalks 
with the most susceptible target being female buds during seed production (McPartland 
et al., 2019). This disease generally starts in the high moisture buds and is not visible at 
first. Eventually it moves out of the buds and into leaflet fans. Those leaflets begin to 
turn yellow and wilt. The next stage is the pistles begin to brown. Eventually, when the 
disease becomes more severe, the whole inflorescence becomes enveloped in a grey 
spores. Eventually the stalks begin to rot. This process begins as chlorotic discoloration 
which eventually changes into cankers (McPartland et al., 2019). Eventually the stalk 
can snap at the cankers resulting in the loss of the infected plants. 
 
Hemp Canker 
Hemp Canker (Sclerotinia sclerotiorum) is a fungal disease very similar to Gray 
Mold. Hemp Canker likes cool temperatures and wet conditions. Typically, Hemp 
Canker starts appearing near the soil surface (McPartland et al., 2019). Water soaked 
lesions first appear on the stalk. The tissue around the lesions begin to die creating pale 
brown cankers. Eventually the cankers begin to have black spots as the disease 
progresses. If the fungus is allowed to continue sclerotia form inside the stalks. Under 
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severe disease advancement, the stress can cause flowering to cease (McPartland et al., 
2019). The final stage of the disease is the plants wilt, die and lodge. 
 
Pythium 
Pythium is a fungal disease that is prevalent in the Desert Southwest and can also 
cause severe damage. Pythium causes symptoms both pre-emergence and to seedlings. 
When seedlings are infected with Pythium pre-emergence, generally, the seedlings die 
before emergence (McPartland et al., 2019). Often Pythium is associated with poor stand 
establishment. When poor stand establishment is identified it is critical to investigate to 
see if it is a result of germination issue or if Pythium is present. Plants infected post 
emergence develop brown rot on the stem at the soil line. Leaves eventually start 
yellowing. Pythium can cause stunting and can severely limit yield (McPartland et al., 
2019). In the most severe instances, the plants wilt and die. 
 
Fusarium 
Fusarium is a class of fungus that is widespread and fusarium wilt is a disease 
that is very common in the Desert Southwest. It is a disease that infects the xylem of the 
plant, blocking water passage inside the plant resulting in stunting or plant death 
(McPartland et al., 2019). When the disease starts infecting a plant there are small dark 
spots on the leaves, eventually those leaves yellow and begin to curl up at the edges. The 





Powdery Mildew is a common disease in fresh vegetables and can cause severe 
damage in hemp plants. The beginning of the infection shows raised blisters on the 
leaves (McPartland et al., 2019). As the disease progresses the mildew becomes visible 
as a white powder like substance that covers the leaf. This powder can be an isolated 
spot or the entire leaf. The infected plants yellow and, if they survive, are stunted. 
 
Disease Control 
The control methods for hemp diseases are all very similar. The first step that can 
be done to control disease is to prevent overcrowding of plants (McPartland et al., 2019). 
If the plants are too close together it will promote the spread of disease. This can be 
difficult as lowering the population density of hemp will decrease yield and increase the 
weed pressure. Because many fungal diseases like cold and wet conditions it is 
important not to plant into heavy soils with standing water or that drain poorly 
(McPartland et al., 2019). In general, do not plant into cold wet soil, even if it drains 
properly. This can cause issues in the Desert Southwest where, due to the high summer 
temperatures, hemp will need to be planted in late winter or early spring. When planting 
in a field known to have Pythium, another control step that can be taken is to ensure 
planting depth is less than 0.7 inches. This is shallower than normally recommended but 
the deeper seed placement is at more risk of Pythium infection (McPartland et al., 2019). 
The best control method is to not let the disease enter the field. Do not plant infected or 
contaminated seed. Solorization can also kill many diseases if they are already present in 
27 
 
the field, however, it is very costly (McPartland et al., 2019). The last control method is 
to breed towards genetic resistance. This may be many years off with hemp but genetic 
resistance will be the best way to control diseases. 
 
Conclusion 
Hemp has been produced by humans for a very long time, however, it is now 
being introduced as a new crop for the US Desert Southwest. There are many concerns 
that arise when trying to grow a new crop in such a stressful environment. This paper 
covered the best practices for desert hemp production. There are many potential 
problems that can be minimized under the right production practices. With careful 
consideration, hemp is a viable crop in the desert. 
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• Hemp has been domesticated for an estimated 8,000 years
• More recently, in the U.S., hemp has gone through a number of legal changes










1938 Marijuana Tax Act
• Severely limited use of hemp
• Did not distinguish hemp from marijuana
• Required growers to seek permission from government to grow







Comprehensive Drug Abuse Prevention 
and Control Act of 1970
• Legally separated hemp from marijuana
• U.S. Drug Enforcement Agency still did not separate them
• Legally hemp was different but it was not so simple










New Act of 2014
• Officially separated hemp from marijuana
• Gave states the ability to set up regulatory programs to allow hemp production
• Each state program is independent of any other
• Causes difficulty for growers that cross state boundaries









• Imperial valley, Blythe Valley
• Southern Arizona
• Yuma Valley, Welton Valley
• All valleys have very large winter vegetable
production
• Very little hemp production




Difficulty of the Desert Southwest
• Very High heat






• High value vegetables use the same land
Ken Lund, Salton Sea, Coachella Valley, California, Commons.Wikimedia.org 
Benefits of Hemp
• Low environmental impact
• Research done Hemp was rated positively
• Makes sustainable plastic
• Recyclable and breaks down quickly












• Expected to double
• Much is imported
• CBD is growing in popularity







• Hemp is dioecious
• Plants are either male or female, not both
• Gives growers control
• Sex is not distinguishable at seedling stage
• Female plants are shorter, large number of leaves around each flower
• Oil and seed production prefer female plants
• Fertilization can lower yield
• Male plants are taller, fewer leaves around flowers
• Fiber can use both but males produce higher quality fiber
Hemp Biology Cont.
• Hemp is a short day plant
• When days become shorter flowering will begin
• Vegetative growth continues until flowering
• At flowering growth slows until senesce starts
• Oil production needs seeds





• Hemp and marijuana are the same crop
• Only difference is THC content
• Tetrahydrocannabinol
• THC causes intoxicating effect
• Only if at least 1%
• To qualify as hemp needs to be below 0.03%
• If above that fields will be destroyed per USDA
Field Selection
• Hemp pollen can travel up to 60 miles
• Outside pollen can cause yield quality issues
• Cause off types in field
• Need to plant separated from other hemp fields






• Planting in to the right soil help a crop to grow
• Hemp needs:
• Well aerated
• High organic content
• pH between 5.8 – 6.0
• Organic content is difficult to maintain in heat
• Apply more nitrogen if organic content is low
Richard Wheeler, SoilComposition, Commons.Wikimedia.org 
Hemp – What to harvest
• Harvested for either fiber, seed or oil
• Fiber is harvested from long phloem from stem
• Xylem can also be harvested but less profitable
• Seed is either hulled or dehulled
• Dehulled is for human consumption
• Hulled is for animal feed
• Oil can be from seed or buds







• May – September temperatures are very high
• Thermodormancy and seedling death high
probability
• October – December
• Competes with high value vegetable crops
• January – March
• Good weather
• Fits in rotation





• Hemp is strongly influenced by photoperiod
• As temperatures rise vegetative growth
increases
• The earlier seed is planted to more growth 
• Flowering is trigged mid-July
• Needs 130 days frost free
Sachin1712, Printable Yearly 2020 Calendar, Commons.Wikimedia.org 
Planting Date Cont.
• Frost can also cause vegetative growth issues
• Can cause flower abortion and infertility
• Hemp needs 130 days frost free
• Transplants allow for March planting
• Avoids frost
• Avoids summer heat





• The stressful environment requires high quality seed
• No current breeding programs for Desert Southwest
• Need high germination and vigor
• Vigor is germination under stress
• Transplants offset the need for quality seed
• Planted under controlled conditions
Feminization and THC
• When planting for oil feminization is helpful
• Chemical process to ensuring all seeds are female
• Prevents need for rouging
• THC content needs to be keep low
• Variety has large effect on THC





• Planting depth is very important
• 1 – 1.25 inches is ideal
• Some varieties need deeper others more shallow
• Spacing determines much about the growth
• Planted close causes plant to grow taller and thinner
• Positive traits for fiber production
• Close planting also prevents weeds
• Planted further apart causes wider growth, increased flowers and buds
• Positive traits for oil and seed
Direct Seeding or Transplants?
• Hemp seed is very expansive
• High demand but low supply means low quality seed can be sold
• Direct seeding is much less expensive
• If seed quality is low can result is poor stand
• Transplants increase the cost per plant
• Much higher, more consistent stand
• Allows for more vegetable growth before flowering








• Seedlings emerge between 6 – 12 days
• Cultivar has large effect on this as well as vigor
• High vigor seed have faster, uniform emergence
• Days to flower 56 – 120 days
• Due to planting date 
• Flowering based on day length





• High temperatures increase growth
• Low temperature slow growth
• High about of vegetative growth ideal for fiber production
• Planted during February increased growing time before flowering
• Seed and oil prioritize flowering
• Later planting can be effective
Sarah Greenwood, Thermometer Graphic, Commons.Wikimedia.org 
Water
• Desert Southwest does not have enough rain to
support a crop
• Irrigation is necessary on every field
• Hemp needs 9.8 – 27.5 inches of rain
• Dependent on heat, relative humidity and variety
• Desert Southwest has high temperatures and low
relative humidity





• Lack of water decreases yield
• Also decreases yield quality
• Pre-emergence is the most susceptible time for
drought
• After emergence and root established drought is less
impactful
• Appropriate water show to increase yield by
almost 50%
Shannon1, Colorado river dams, Commons.Wikimedia.org 
Nutrient Needs
• After water, nitrogen is the next limiting factor for hemp
• Studies found hemp needing between 54 – 98 lbs/N/Acre
• Wide range due to climate and organic content in field
• Desert Southwest’s high heat causes organic content to break down quickly





• Harvest should occur at 70% seed maturity
• Shattering causes large yield loss if waited for 100%
seed maturity
• Three types of seed product harvested
• Whole Seeds
• 70% of all seed crops
• Used mainly for animal feed
• Seeds for oil
• 15% of seed crops
• Used for oil, cosmetics and medicinal purposes
• Dehulled seeds
• 15% of seed crops
• Mainly used to human consumption 
D-Kuru, Hemp bunch-dried out -seeds close up, Commons.Wikimedia.org 
Harvest – Seeds Storage
• To harvest seed processing faculties needed
• None are close to Desert Southwest
• Seed should be stored and low temperature
• 60F
• Seed storage only lasts if stored at low temperature and low humidity





• Harvest early into the flowering stage
• Plant continues to grow during flowering
• If left too long senescence begins with large yield loss
• Retting can be done in field or in standing water
• Retting uses high moisture to breakdown the stem
• Makes harvest easier
• Relative humidity too low
• Can only be done is standing water
Bobeocean, Joseph Burton Picture with harvest Hemp - USDA War Board, Commons.Wikimedia.org 
Harvest – Fiber Cont.
• After retting the fiber can be bailed at 15% moisture content
• Once harvested need to be transported to production facility
• Can be very expensive due to high weight of fiber
• There is no production faculties close by the Desert Southwest






European Corn Borer – Ostrinia nubilalis
Appearance/Symptoms 
• Lepidoptera
• Larvae stage light brown with dark 
brown head
• Several rows of dark brown spots along
the body
• Symptoms
• Begin when temps reach 50F
• Larvae primarily feed on leaves
• After growth bores into stem
• Leaves distinct sawdust like powder
• Can cause the stem to snap
Control
• Primary control is deep ploughing
between plantings





European Corn Borer – Ostrinia nubilalis
Frank Peairs, Colorado State University, Bugwood.org
Beet Armyworm – Spodoptera exigua
Appearance/Symptoms 
• Lepidoptera
• Larvae light green with black head
• Adult greyish brown
• Pale lateral strips
• Most damage to seedlings
• Spends day in soil and comes out at night
• Feed on stems of young seedlings
• Can cause them to be severed 
• Can cause adult plants to wilt
Control
• Avoid planting in cold and wet
• Remove host weeds between
plantings





Beet Armyworm – Spodoptera exigua
John Capinera, University of Florida, Bugwood.org
Beet Webworm - Loxostege sticticalis
Appearance/Symptoms 
• Lepidoptera
• Larvae is yellowish green
• Older larvae are completely black
• Moths are mottle brown
• Feed on leaf surface
• Cause superficial damage
Control
• Deep ploughing




Beet Webworm - Loxostege sticticalis
Frank Peairs, Colorada State University, Bugwood.org
Bertha Armyworm – Mamestra configurata
Appearance/Symptoms 
• Lepidoptera
• Larvae is pale green
• Yellow strips on each side
• Brownish black as it matures
• Mature larvae cut seedlings
• Cause seedling death
Control
• Deep ploughing




Bertha Armyworm – Mamestra configurata
David Gent, USDA Agricultural Research Service, Bugwood.org
Grasshoppers
Appearance/Symptoms 
• Eat large, round holes in leaves
• Severe stem of seedlings
• Eat apical meristem
Control
• Deep ploughing
• Remove weeds they can host in
• Avoid drought conditions




Hemp Russet Mite – Aculops cannabicola
Appearance/Symptoms 
• Very small
• Not visible without microscope
• When symptoms are severe become
visible
• Greyish dust
• Feed on petioles
• Leaves begin to curl at edges
• Leaves become brittle
Control
• Use pest free seeds
• Use cultivars with resistance to Hemp
Russet Mite
Hemp Russet Mite – Aculops cannabicola







• Feed on succulent parts of plants
• Seeds, flowers and buds
• Feeding can cause bud abortion
• Tissue becomes brown and lumpy at
feeding site
Control
• Control weeds that it might host in
• Deep ploughing
• Seed sanitation
• Attracted to white or yellow sticky
traps
Lygus Bugs




Hemp Borer – Grapholita delineana
Appearance/Symptoms 
• Lepidoptera
• Pinkish white larvae
• Dark yellow heads
• Feeds on leaves when plant is young
• Bores into stem of mature plants
• Galls form at point of boring 
• Plant eventually collapses at gall
Control
• Plant non-infected seed
• Deep ploughing in fall
• Control weeds
Hemp Borer – Grapholita delineana






• Southern/Northern Root Knot
Nematode
• Above ground symptoms not distinct
• Similar to different nutrient
deficiencies
• Bore into roots
• Cause galls to form
• Advantageous roots form at gall
Control
• Prevention key
• Sanitization of seed and equipment
• Deep ploughing
• Some nematodes reside very deep
• Soil sterilization
• Avoid sandy soils
Nematodes










• Cause food safety issue
• Feed on seedlings




• Feed on adult plants
• Cause food safety issue




• Most impactful pest
• Pull seedling from ground
• Especially bad in new transplants





• Generally not an issue in hemp fields
• Hemp will grow and out compete weeds for resources
• Weeds in Desert Southwest should not be a large issue
• If plant density is too low weeds can cause production issues
• If planted in February or March
• Hemp growth will be slowed early
• Weeds might become established
• Conventional weed control might be needed
Diseases
• Many and varied
• Some are already found in Desert Southwest
• Chemical control is difficult for hemp
• Very few chemicals are labeled to be used on hemp




Gray Mold – Botrytis cinerea
Appearance/Symptoms 
• Fungal disease
• Grows best in cool temps with high 
humidity
• Can very quickly kill a whole field
• Targets flowering tops and buds
• Moves out of buds into leaflets 
• Pistles begin to brown
• Inflorescence becomes enveloped in grey
fuzz
• Finally the stalks begin to rot
Control
• Low humidity conditions
• Even infected fields will not be 
damaged in low humidity
• Plant only disease free seed
• Disease is known to be seedborne
Gray Mold – Botrytis cinerea




Hemp Canker – Sclerotinia sclerotiorum 
Appearance/Symptoms 
• Fungal disease
• Prefers cool temperatures and low humidity
• Symptoms first appear near soil line
• Water soaked lesions
• Tissue around lesions begin to die creating
cankers
• Cankers grow black spots
• Fungus spreads to inside stem
• Flowering will cease
• Stem will wilt/fall over
Control
• Deep ploughing if known to be in
field
• Soil sterilization
• Use disease free seed
• High calcium in field
Hemp Canker – Sclerotinia sclerotiorum 







• Prevalent in Desert Southwest
• Seedlings die before emergence
• Can be hard to diagnose without
digging to view seeds




• Do not plant in heavy soil with
standing water
• Plant less than 0.7 inches deep
• Plant only disease free seed
Pythium







• Widespread in Desert Southwest
• Infect xylem of plant blocking water and 
nutrient transfer
• Small dark spots on leaves
• Leaves turn yellow begin to curl
• Cut open stem
• Xylem will be reddish brown
• Infected plants die or are stunted 
Control
• Do not plant into infected field
• Do not plant infected seeds










• Raised blisters on leaves
• As progresses becomes visible as
white power
• Can be isolated or cover entire plant
• Infected plants yellow and are
stunted
Control
• Prevent overcrowding of plants
• Pruning infected leaves
• Genetic resistance
Powdery Mildew
Gerald Holmes, Strawberry Center, Cal Poly San Luis Obispo, Bugwood.org
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